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Research Progress on Synthesis and Application in Coating
of Hyper branched Polymer
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ABSTRACT: Hyperbranched polymer (HBP) has the characteristics of unique three-dimensional structure, numerous
terminated functional groups, simple synthesis methods and so on, and has been paid more and more attention by researchers in
various countries. The introduction of HBP into the coating, not only reduce the viscosity of the coating, but also increase the
cross-link density of the coating system, while providing excellent adhesion, so it has become the hot spot in the field of
coatings. This paper discussed the chemical properties of HBP, which also compared the relative merits of traditional linear
polymers. Then the synthesis methods were introduced, which were polycondensation of AB, monomers, self-condensing vinyl

polymerization and self-condensing ring-open polymerization of HBP. The comparison of HBP synthesis methods and
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modification of terminated functional groups found that the corresponding changes to HBP in different coating systems are the

primary problems that need to be solved. Functional modified HBP can be used as a coating additive or main film-forming

substance, effectively improve the liquidity of coatings, reduce VOC in coatings, focus on the field of coating research in

combination with HBP, and introduce the emergence of new HBP preparation strategies in recent years. Through the discussion

of HBP synthesis method and summary the different modifications of numerous terminated functional groups, the application of

HBP in UV curing coatings, high solid coatings, organic-inorganic hybrid coatings were introduced. Combined with related

research, the mechanism of HBP coatings performance was analyzed. Finally, based on the application status of HBP in the field

of coatings, give some suggestions and prospects for future research.

KEY WORDS: hyperbranched polymer; synthesis; modification; coatings

M Flory!" 2 i #8 XL B 4% ( Hyperbranched
polymer, HBP) HE&LIOK, w3 H HA MR = B2
AT INEE R . ZIReYE | RRR 0 Tk 2R S R R L
JE, R AR R Tl R e 0 T3, A SO e
47 HBP iAo, n AB, BRI R . A4iG
LIERREG . AT RE% . SEENAHERE
Pyxt e & B8, HBP 384 K1 R MERE |, il 4 ik i
B, A R — P A N, Aead TR R Al Ak R
Al EEAT . HBP 143 = %5 B A 3R E B RE AT L 81
b . AR REAED, T N TR R
P 2l A bR A A 2 01

HBP 7E Uk 0 I 5 L ARIR 9 7 1 25 H B R
AT G, S AL BRIE A0 25 44 (145 23— () 2 25 /E ) e ek
REY/N, FECHBP M/ N TELEREY.
I, ¥ HBP TR B, ATA RS TR B
PE, WUbEIE R, BFEIER ALY (VOC) HE
o T A R B R BB, BRI T R
S 3 AR B A 6 5% i, ELAT IR B[R] J L 7K %
TRAEARE T, 3 T X A i B BB AT R4 7 RH 7 e, DA
338 F A Rl A TR A . 5 ARk {6 4E 7~ HBP
7= i BB Prestorp 23 H 1Y Boltorn %1 . DSM 2y
F 1Y Hybrane %1 . OUH 2L IR R A PR 7l #Y
HyPer 4155 . HBP JURF A% 25 44 FdE B A 5 Tl
A T 7B 5 B AR R R, AR SCE S 43 T HBP
LR i 5 1%, 438 T HBP 1 UV B4R,
o AR RE . A HL-TEHLA AR R B At g R s,
HR N AR R

1 BXURSURIEK

1.1 AB, B{ER) 45

Flory!" "¢ k2 1 HBP Al it A HI I WY A
B EHREHA (WKL) AB, (5 AB,) Hil#&,
AB, PRI 45 R B AR ) SRR, (AT A — R v
BRIy, AR A Al BT, dfsz Tl
TR BRI, AB, B BAIRZE R AEAE N . ABy 0 F
HHBERER A Fl B ZIAR N, RAASFHR

N A FI B BTG A 2 Bl BV B REAT T AT B2 AL 5
REWZ AR A . H LA 1 s .

Linear polymers

B
B—A*<
A B

B B/ B
A{ —»A{ B
B B B—A{
\A{ B

B

\A

Branched polymers
K1 AB IR R

Fig.1 Condensation of ABy monomer

SEEB S, PR KHUE R & L4 ™= HBP )&
FRRJE HBP Maifbid . MR &, SLhr Tk
JO7 FH Fp S R AT RE 4 Vs b T 44k o Feil® i vk kad 4tk
HiE AWM T AB, % HBP, AB, ARG & 1 Mk
2 A SRR . BRAWHAA 'H NMR, PC
NMR 1 SEM 53R, F=4) 25 FLAR, A4 o
911000, SZALEE R 60%, IESZ T Flory!'42 H AY AB,
HURR R A HLEL, 500 T HA MR B AR AB, FLiE
AT RABERT AL AE F= B AT APk o 2 m] KRS A =
Je . RIS Z Aot AR R T S SR R R T I .
Chen %504 AB, BIL{K — ¥R H E 92 ( DMPA ) 7£
WEANK (ECH) sl T 1—4 RESGDY,
3 HBP [ i AREL, #5iH] HBP (32 40t 245
oK 7R 4 REBEESYPEE T &F 48 Mk
L HBP, P98 A B HBP A i B fe A 47 2k,
AT HBP A [ 0 (v, s A RO
ARPERT R A PS4

1.2 BREEAEZHERE

J. M. Fréchet ZEUS IR H BT 2 I L BRI R B I
L. (SCVP) , Hu{k AB & A LMtk A f5| &5 Be
TER VAT, B #iiEIEN B, 55 —HkdE A
SR, T8 BGH B BN H G o XS] % s B B ORI



508 B2

ERHAE . SR AW A B AR VRO P L TS R 273 -

B, AT RIS R AR A, K 2 iR, 2
Wi dE AR E IR R B, SRR G (FEH K )
Sl RIEH SRR & (BEHEK ) o 5 AB I HK
45 RIEA L, SCVP Jo b 38 & B pR o SE B i, H 7, SCVP
WHRTHE A HIERS (ATRP) MIEFEBERES
(GTP) BeP1,

A PN
¥ o
e vinyl grou
CH=—CH External cH==CH yl group
activation |
B B* «----- One initiating center
B
CHzZCH
o |CH & cw
_C JE—
B\ - |
: | One vinyl group A
B One initiating and one
4~ bropagating center
Self-condensation

Hyperbranched polymer with many reactive chain ends

P12 J. M. Fréchet 4¢3 (1 17 SCVP Jz Jij!'*)
Fig.2 Tﬁ)ical vinyl polymerization process reported by J. M.
Fréchet!'™

Bachler 2553304 SCVP H1 A 336 i1 5 -7 54465 1 75 B2
4 (RAFT) BcH, i g BAEHALRE, 2HH

Tl B A R S P RO 3 o 20 P 1 3R 6 T I 1R
fis ( PFPA ) i1 2,3,5,6-DUGE AL N TR ( TFPA) 1EH
EReLRA, A BIHIAS AN, HBP, BFhS B HBP J7
2, RAFT Fil SCVP R AT A% HA B i fb %

BARBE e % | T i S AR B 7 o R HRAE SR A L i
RN, AT AR A o A b o B R, kAR TR
NS R A R, B KR T T RS O I I BR
AROR . IR A TSN, BHIFA B AR R HiAlb
EH IR Ke ZEPp R AE L P B L D9 99 R i
FEH | 2-P-2 HILIN TR O BR AT — MR R A, FIHEE
BTG MER Brijos8 e, 48] T AN 4 s 4
MY5IH HBP, X HEA T T RIEM oM. S8 A
BT A B, BCLV R A s o i E AR /N B LV
#, M HBP AHXS /- pdht, R E . R
SPOME A S), Zhang PR NEE . BEZK .
R ENIGEIRT . BVGERT FRAME N-S N
P B %0857, 78 SCVP 3% N/ . T HBP, il
i Menschutkin S il £ T 0 KRR 32 45 R K )
HBP, U TR B e S HBP I K N
s, WE 3 iR, WF5E 2B, FEIZ kY, HBP
PR 235 AR B R ML AR & Menschutkin 2 W 454, 87 [ v
ZAF TR B RS MR T TE 9~35 1, BRARLEN
39%~97%.

A, star A,B,star A,,Cystar
NN = %OM T L % {/\Q/ ) {\Q‘//“
O NN \]i ;\ ( HN
BorC X Y

{13 Zhang %4 N 2 I AR 4 sk Y

Fig.3 The structure of Miktoarm Stars synthesized by Zhang!**

1.3 BHEFRRE

H4 5 IFHRE A (SCROP) J5 k2l SCVP, #
KA 22 IR SRR i A 0T TSR
2 HREM . 78 SCROP Jiik, Sh—4 N ATT IR,
T 5 5 At P A B 4 A R T SO, DT TR B
HBP, SCROP LH FHAL L EIAH, ZHTC
WERR R G . BHRE AWM e 2 Rk, B
gg%@f[.’)s-ﬂ]o

MG, HBP A WLE ] AR AR N D
Satoh %5 AN 1,6-/K I BLEE . 1,4-iK = p . 2,3-
Bk =R SN BLEETT IR, 2 HB TR A, AT %
fift HBP, WF5X &3, BHE TR AW AR m AR L R0

ARG, TEIMMER A, 1 IRIMETEFE 2 IR,
PR R I R AT ABs YRR AL, AR R AW Ak
FEN 0.28~0.5, fEHhTe HBP N A H, Kyl iS4
EEZ ekt HBP, Peng %V e-C NERAE
Novozyme435 f#fb FIFIF, 5 2,2-8W(FEH 5 TR %
N, Az RO AR TR o SRR o- TR TR R o i 6 3
PEATERAL , B S 16 A AR/ R RC T JE B AL T in
ARk, 45 30T T B 25 D s vE HBP ( 4n &l
4 FR ), HERZYEAF . Sulami % SCROP 5
T MR, UAAIMERENER, 7E t-BuP,
AL, B O INERVE A I 4E R A7 H R, 4
b5 3 m 4k 25 & HBP, Wil 5 FiR.



274 - £ m O A 2021 4F 12 A
OH
<j</0H
OH
Cb + Hooc{ Novozyme 435 gooc OH
:OH

OH
—on

CH,CL/N(Et), | CH,CHBrCOBr

0}
z
O_C\lBr

(0]
{j{xi 0-CZ_~p,
O'C/\lBr

0
0-C \ABI‘
0-c2>_~
Océo Br
%(;N g,

(0]
\oF
C\lBr

K4 Peng 243 HBP ik [+
Fig.4 Peng’s synthetic routes to HBP*!

< P + NaN,;, DMF/
N NCMe Toluenc
E;*z;?le CHCL,15C  15°C,1h TR0T 18k %’%‘
HBPE-Cl HBPE-N, CuAAC Petroleum ether %
Self-assembly :gg
©° s
. Micelle
OH N\aH 0 Deprotectlon
N i 51
TBAI/THF H T B,
KO toluene
HOp,
Alkynyldloxolane Alkynyldlol (PCL),~C=CH 3u-HBPE(PCL),
N
OH
5 Sulami % A HBP k!
Fig.5 Sulami’s synthetic routes to HBP!¥
kL AT HBP AR LR d A5 v RS VR 5

2 BXURSHERPHEINA

AR, FZ R I8 S Gk 24 R 17
LS, KIRg @b, FRE vOC His e 1Tl
FaFA AR E RS AR AR R £ ek T
B, XTGBT AR N SO B30 7 JE IE . HBP A9 AR
Z AR E REAHRAE T & e s, X HBP A
HEAT A L M e R AT ) 2 2 oAk I A LR RE . HBP
VRN LR RS - R R R B v] 175 UV E 4R

1 HBP 540K IR TR & Hil 15 A7 HL-JCHL A fe i
55 HBP B A SRR G MR R R,
O TR S, WD R R, R IR A
Ko TR EAE 5} HBP 7E3RFE Tl s 4 3 1
P (1 J

2.1 UV BEML&R#

WL UV EARTRR R R iR RSR] L OS]
KR FHABBY R . 2otk UV B BIRERE R, IR



508 B2

ERHAE . SR AW A B AR VRO P L TS R - 275 -

IS FRF 5 B S 0 R o I R RSN, DN S O™ )
VOC HEBURIAERI M . SLIZIREHI L, HBP I
RHAA ERIE = 4851 . B2 R . 43 F R JCYE 2,
SRR, DR EERE T ARSI RHE LI B L R NG
PE L5 A A 5 45 5 fE 1 o HBP A i B RE AT #h 2k
TR RN B RE R FE N R, HATF i £ m 2
FIF TR IR 22 40 F 6 A v B e A ek, ml 3k A3
UV Efkiakt, UV B kit HBP MBS A K
TR ROV PR R E R, i H AR R R A R, B
H R AR B, S UV AR 8RS A v -+
g3z

RGN UV BA WA E R BB,
HEACES R, ARF AR = A PR s, T ek
H A VR B AL, Xiang 250 2] R SRR 5
JHg B 7, 4 Sl R B — S AR i -5 . B S A K
HBP, BfiJ5 F PG R 2 £ R 7 U 13t , 75 %] HBP
AUV BbIREE . Irs =Y i) AL 0.82, H TR
INEI NIRRT, AL R f 12 s 3274 3 s,
ZWPENT IR 1 mm., HBP (A IN R E 35 T A R
) B RN  AL B, LR« HBP (1R oK ity 0 P o7
HRZ, FEAHEDEICT , P2 A s M A b SR I
FLREREGY; SLEREGWHLL, HBP L ERIE 4514
A5 0TI R TN g, P AR s M PR Sk =z ) o
R KR o XiangP 55 B J5 MAF5E T HBP AS[A] S L
(0.74. 0.79. 0.82) FfkK Xt G 1k M 68 12 B4k
FIE , FTiS45 RS Dzunuzovic > BIF 5T 45 AT T,
R HBP EBEEE T I R TR ORI B, %
KR R B M ma B, %k [ Ak B TC 52 il o

FBEARENE UV BB, AT IR 215
RN, HSEORMEHREEMEE AR, RET
UV WRBHG M . WulSTH] ] HBP 2 il 32 196 2 B $2 7
PRREVERBERE , DUGTR LB A HBP SRR ik be Al
BREEREA IR 4 T — R I TCIER UV B 25
BEHREN AR 1.4 1 B, ZBERER Gk
YEJG, FYERE RS B 1T E 8H. i TGA SR 2
TE N, AT 800°C ittt 5k B = T 50% (i 434)
WA 5% TR i 236 CHAINE] 371 C., UV [Efk
30s Jii, SEBEEETT I 99%., Yan 25047E 4 I eb s im W
PEAFR . SR E N HCCP 2ei: HBP, il 45 i il
BE UV BEfbA L, 25 BTIR, AR i v A i 44
Rk, PTNIRBEACHCE AT, SCHR S B By 38 Ay
R VA B 5 AN ARG MR RN 5t ] R A LR S5 T A
TCHLRE R, R TR E P, AR TR 2 R 1m0 1 ik
JE - SCRE I NV A 52 5 38 m] A K4 43 S8 38 in &
SRR, DT RGN A RS0 3 A A A TR, 4R TR e 1 o

LR AYIACHREE AL, MUREIoK RS &, §
OHAE S B e o H Az BAR KRR, HBP VR I ABAR
U Ml i phxX — )AL, Wei 21Ul B BRI 3L HPUA
YERICR Y, #HVOeREEsRR (PETMP ) 5] AREHA

Z, WENIGRTPERE BN, 2 “md” RO
5 UV FEL 0 HBP 13K Wei 25 RS #0757 T PETMP
(RN A I A S0, RN S%PETMP 94 R AE K
WK % 2 0.76%, | 10%HCIL. 10%HF 1 10%NaOH
BiE, R 1.58% . 4.37%. 2.17%,
SUPR G T 356%. FIADRUE SHREER i AL
7, HEINT VR IR R B SC R, BIE TR S B B
PETMP N AW 2, IRIEmBEEY 2, SCBss
JERWIIE K, [ AR B B L, (i A5 K R 2 A

22 BEES R

B2 ORI B4R L A TR (HSC) 1
7 Al S Bk 1™ W HSC I RHE T I 70 R
—Fh, WRME I A D B8R voc, {H HSC A
KK, FEUE T 8 P Pk 2214559 Fil ] HBP
HlHE) HSC Tikt, TEPARe s ARG & =i, 5
ABARMIFRIE ; 15 B S A F R A IR, 4%
fR Y BE AT U8 N T U A T B . i HBP 7E HSC
VBRI T v B4 R RN TG AT FARL A I 3T

Johansson"' )\ 3 T i% i JE ) & T HBP-HSC
MBS, THESEAPIGR T HERTEEREYN
HBP B, (HAKIH T 285 205 7 ok AR 3 .
Murillo®™ g/ bl f i A, BRI vOC HEfL, &
Sl T HBP BRI G, J5 AR IE AR T okt
SRR IS AL, 0.11 7' BYYIERT, B
1.48 Pa's f&Z 0.015 Pa-s, il T—f% HSC MIZESE
(5~17 Pa's) o FRAREERE AYJFHLE , o1 IRl
Hygisth, SFERAEWEEL K, M HBP =475 (a4
RELAE A A543 7 ] fh B AR AR Ry AR g 25 BR0R , BhEBE S
A3 (B G5 0k T B o AR B — Rk, WA AR
w0 A [ B TR kL o HBP 34 nT AR A s 5
TNAFR ARG o R ARG S RL = LT e = (3-
51 5 TR TR ) Bk 0 Y 5 TR 0 TR 4 /K H S R M TR, 2250
Fe- a5 A2 BN — 50 A T it 3 3 A S AL TR L T
BE I =M AR IR EM S (EA) H, KHE S
B2 A PR T4l EA RJZ, TN 2% HBP A %L
M T BEA RIS 1. Biob R E AR R

Behzad 'R G 5% T HBP & B KR AR 1Y
KFR, MHAZEFRXRL (TMP) 5 & LHNR
( DMPA) #1470, 152 R R R HBP, 28
J5 5 1PDI FIRMEER SR, 15306 E 1k R S gkl
A S2E M (DMTA ) W, HBP 20 TR ok,
BREA R, BEMASEE MR 5] @R AT H:
JEDH A, A S R 5 ) IS O 376 T v T B P B R 3
HBP Jifk S i /NP4 R A%, B HBP 401
TEMRAERE T BRI, VB R ARG, (HBRIE 2 4B
Rl L, 2RI REAIE LA, SRS,
JETF R o BR T A Fas (A BIAN , 4 i < R ot
TR A R  Naik O] W2 & U FT DMPA



- 276 - * wm #H R

2021 4E 12 A

BV HIAG 2 REE N, IERRMAE TR ( LOFA) fF
s, B HBP (sl 6 BrR ), RIELELREE
(IR 8 T ] O PR £ D/ N AR P S B P 30 22
Lirg NI L o e I R 2 Qe Sy O
BRSO T 23 T IRIVEAEAR ), X Le R 2 BB R
e SHERERMIGA L, 22 HBP SRR HATHE
RAIEHE .

6 Naik % A4 i HBP Bkl
Fig.6 Naik’s synthetic routes to HBP!®*)

FRIm S, MHEgtinet, HBP IREHiisHim
FRARKs HBP IRBIRMUBIN T, fbrthAss, ([HalfE
SRS IR A TR SRR R o Jovigie A5 N
SCALRE R SRR 5 M RE M R TR 142, 198 T PR RERcLr
HOFEAEIR(Ee S

2.3 B—LHNELRH

A PL-TEHLAA R R K S, T T AL AL
TR YU R AR BRI AT, ol 38 g B — 8 Ay
MTIRE . Bt H RIS L 4RRLF 7L IRORE L] Hh i e
R IJ B HUHE A, , (A HBP B BRI 254 BA 45
UKL T PRI, SRS, BERE T 47t
SIHL. RREAUKRRLT . Xt HBP TRBER I B RE AT
ATHA I RLAF | SRA PRI I A AR 20071,

e HBP WY B I HERE T, Ghoshl® VA
Lil7% ARy, FE TR P IR0 2k 14T LA A RELIE
RSt 3 18772, Ghosh %5 AR5 L P fis —
BE (PCL) . BEEREMAIE HBP, HIERERR L ME

( TEOS ) #ttkid A b (RGO ) . BAELM
E— R LG R v . SRR L, TR R AL
ROFWIN, 5%k i Hs e Mg 47 'C, mfk
SEIEE R 3.7x10 mm/a /D] 3.8x10 'mm/a,

R IR 99%, TESE T BN RGO 2t 5 Uik i Bl
JE e fE ] WA ES . Ghosh 28 AR SE T Z 4E b RLB
JEHLEL, W 7 PR CYHTITA R s AR S A
FEEH LI, M A VLEESS , AR MLEE A2 T g
Ferk, WRBERT LY A ARG, B/ TR )2 A A i
KN, B R T R T LB AN B o 4K iRk
RFEVR B I B B 500 R 254, JE kA
WAL “HRET BT A BRI FE A R IE , M
SIREMR N . T “RE” SR,
PO TR (BR ) SR PHAR SN . 40K K R -HBP
AR EAE AL T 90K 526 AR R O T BT,
AR ALY S HBP (sERE 5RO, AR Ak
25 BR YT, (A5 il 28 - i AR B 9N )98 32 A B )
B, WORHIIESE T 5 i %

heohep heo heo

Direct approach of the corrosive ions
Generation of pitting corrosion

Bare mS plate
heoheo oo heo

~& 1PN
{¥8l|, Diffusion of corrosive ions directl
through pinhole mechanismy

~ "> Short-term barrier property of IPN

[.I‘LO @0, @l J

E_#P>» [PN-Si/RGO nanocomposite
Diffusion of corrosive ions through
tortuous path using pinhole mechanism
Long-term barrier property of
nanocomposite

Pl 7 Tuhin Ghosh 4 H i 28 K &4 Uk J2 Bl g HILEE®)
Fig.7 Tuhin Ghosh re}I)orted anti-corrosion mechanism for
nanocomposite coatings'®®

AR TCHL BB I AT R K v T8 1o FH
(R TCHLRL A 1 1A SR A 75 U B 3 TR RS , L 22 U AP g
WA ERT . BHFA R AZBEL, AR HBP X #ARE
etk Ak A AR, Moradi HIAT4R T
fif eI — T, ) F R S SR A4 Hubrane H1500 fE
29 RGO BB, Pl 53R AR BHE, 58] T
REfb . il R4r . JCHIR W HB/RGO M4 TR
B, BPEfS, RGO [H]FE H e PERT Y 1.1058 nm 3% /i1 2]
1.3763 nm, ZEHLARAHIEFNAE R B IR S, FE R ek
P GO W W T LAE 2B W B0 2s fL, e 5 AR ME
KIE S FLIAEAE, IESET HBP BCHR AR /NG



508 B2

ERHAE . SR AW A B AR VRO P L TS R 277 -

RSN RS, BTN AC e B . HB/RGO BCE: U BRI 1
e K mBL L, 407 LA, HB/RGO #74)
SRR, RAEREE D, N, I
Made/b, 5 SEM 5B AH—50, [FFE, Ma 7N
AR A WAL ] Fe;0,-Pd M, fHiFIg2)
ISP, AR . BIRE S, Moradil™
1 Mal7>) = 5 84 J0 1 45 ) A ok 1 26 1 1Y S AR,
Zhan ZEU0 T g pe AN MEREE, AR B bR A
SR, B S A S AR AN K TiO, |, 5 PU LR
JE A9 BN AL BE T . o iehE ARV RE, anfEl 8
fin. 58 HBP BB, FIMH “SE" &
o7 75 3] A A0 P A0 KR T o B B A, ST IR
7 SN R T K R 5 Uk 2 1) B A AR

. N
“ N

TOr~= +  “R_sH

iClick chemistry

i 4)?(;,\/\/ SH I
i KH590 0 : 5\
E ; TiO, V\W\s —(; R

I

: =\r_sH: VaVaS (;K/\SH ?{i? Lgn—}
BYMP ,,E‘ R ¢ %W
TiO,-HBP

Bl 8 BEE-Hy Rl RO R A WHRAE Tio, 117
Fig.8 Thiol-yne click reaction between TiO,-SH and the
hyperbranched monomers!”)

BR T AEGOR R TR IR E SN, 38 7T LK 40Kk 1
HUFEAE HBP 43Rz Brd, R /e I $
R B A o Han 250758 T #Em Ag R 7E TR IR
R EOrE , AR K R 2 RS (PET)
LM (DEA) R4, B3N, Ki5Ed
DMPA #4114 WHBP, #XJ5H IPDI. PPG2000 £
M Ag K, FERAHBEZMAREWHZS R Ag
78 . XRD EIEw/R, BEWHEE 45 Mgy,
WESE TR ALY, SEM 2SRRI, Bt i &1
PIS) AR R R, 5 i SOA RS W R R ARG
PR EM: ., HE —BRTEE, RWERSE, IS
B R AFIK TR AR

2.4 EHEApthigst

BAR HBP [N FURHAR Y, (XA
Z P IIRER D RETE TR BHIF TS /b . INAE HBP Hi5IA
PRI AR KRR, IR | ik T AR B

KGR 55 IR LR IR ARAS nT [ M 0 A 45 AT
&S RIS, e L 2R aetE, BRI 3L
PR AL ST 5T fg i 8 124837 7378

A3 KO R B T b, R T AE R A 9T Y
Mo Patil®™ LUE BRI AN " H LN RR ( DMPA ) A i
il 2 ot EE, AR E AP 2S5 EL g ( IPDI, MDI, TDI )
et 45 T WHBP, H E.o, fH430128-0.311, -0.374
—0.364 V, MMzS FAXIRN—-0.477 V., WG R 5 5k
ATRRBR I 168 h J5, IR WA MG, iRy
B XATHEFLAT 2 AR BA & s B 2k
SERAEFEMA AR TP BT B0 2%, BRI TR e A4
3B 5 KIE HBP B b, TR LS
WL SEM AL 2 1R 2 ik B 0 e mEr L, A
Hiu B T AL TN DR A

Kb AU T BOR &R VR K R 5, T A2 2R K
P, 7¢ HBP B RERIAR b gm . #if nl f 25 PRI A
(T Tk 1, A BB K SCR o Xu 5 AR T okt PUA
TR BESE K, DL TPDI 354 4 N-F 35— 2B A e
TER I AR IR i R G, SR )5 20 O 5 Bk
Frdhim, MAYEER NAERHKERBK, XPS fERE 2
~, FIRT H R REAIRIERE, A PRI
FEAS VR 3 o A L PR RTIEN T 18°, X nH P T4
J 5L AR e P T T e, A RS A A AN W i % T
%, SEmERH KR, RENTE T TRA
Bk N IR L) U, SRR T IRJZ KR, Bl B
RIPEAV i &, 322 W IT bR ot A Z Jetb i 2
. A TIRTRIZEREN IR, Zhang FEPEG4K
Ag Fi TR HEAL HBP, ZEUERE T, #1453 THiE
W2, FIR Ag BT 1)) ISP 6 A% AR K
XFECTR , B TR U 2 2 1 1 4 B (0 7 4 BR B K A v
I 50%.

3 HiE

HBP AHEA LR EY I reE, i Hik
SO TR G IR I Rk . HBP il 5 fa] 5
JEACRR, FTARIEAS R, A5 B i K
A BGR B T AC R o Ak, [ AN T
YEFEAE HBP & RIS I 7 RS T BRI,
(LSRR R A e W N TR BV VA E B o N TE TN

TEGRLDT T, HBP WA RBEL . Bhr it
Tk BRSSO | R R AR R, AN
ZIEMT UV BEese | m A TR SR BRit 2 5h,
HBP b ISR RS IR, SGETRBHERE . @ Xt
HBP BEAT MR, ] 45 232 38 H AN 8] 1 HT 4k
A7 it o AELRE RT3, R S P3R5 W T 2ok
AR AT — 46 i) U i

1) HBP YEREAVFZ AL, [E- WA B SL AR E Y
S, T2 T AR A RO P A R, R



- 278 - * wm #H R

2021 4E 12 A

B T HUS R 1 R AE T BOE T gk — 4R ).

2) HHr4i HBP IR IFAZ , Wiig L R
F b S 1) HBP VR iR ms o DA i it 51 A
KA, X HBP AT ASFEMcE, Fol AREHAR B
RAFHIMATIRE, B Ak & R S

3) HBP 7EiR B 5 0 A R B 80, fg
BEHAEENM ARG, $om vk BE Jrm i rERe, M
W AER B PN H, FEARR R B CE R,

4) HBP 7R RHE H i N 22 4 F 52 5 B B
SEBR Tl AR A P R R A SR BR %, R Tl fe . #E
REAR | KA A 7= R A SR B T AR % LUS ) TAE
A

S E k-

[1]  FLORY P J. Molecular size distribution in three dime-
nsional polymers. VI. branched polymers containing
A-R-Bg; type units[J]. Journal of the American Chemical
Society, 1952, 74(11): 2718-2723.

[2]  SEILER M. Hyperbranched polymers: Phase behavior
and new applications in the field of chemical engine-
ering[J]. Fluid phase equilibria, 2006, 241(1-2): 155-174.

[3] JEONT1Y, NOH H J, BAEK J B. Hyperbranched macro-
molecules: From synthesis to applications[J]. Molecules
(Basel, Switzerland), 2018, 23(3): 657.

[4] MU Bin, LIU Ting-ting, TIAN Wei. Long-chain hyperb-
ranched polymers: Synthesis, properties, and applicat-
ions[J]. Macromolecular rapid communications, 2019,
40(17): 1800471.

[S1 YANG Hong-jun, WANG Zhong-rui, CAO Lei, et al.
Self-condensing reversible complexation-mediated copol-
ymerization for highly branched polymers with in situ
formed inimers[J]. Polymer chemistry, 2017, 8(44): 6844-
6852.

[6] NISHIKUBO Y, KUDO H, MARUYAMA K, et al. Synt-
hesis and Properties of Photo-function hyperbranched
Polmers[J]. Polmers for Advanced Technologies, 2009,
20(6): 529-535.

[71 GURUNATHAN T, MOHANTY S, NAYAK S K. Hyp-
erbranched polymers for coating applications: A review[J].
Polymer-plastics technology and engineering, 2016, 55(1):
92-117.

8] D&, Tz, xIBE, 45 B SRR &R 1w &I
SN AL R TR P RO [D]. SRR 5 3,
2017, 38(10): 31-35.
MA Jin, DING Xiang-liang, LIU Qi, et al. Preparation of
hyperbranched polyurethane and its application in UV-
curing coil coatings[J]. Coatings technology & abstracts,
2017, 38(10): 31-35.

91 D, MR, WA, 55 SAOLELIR BT

[10]

[12]

[13]

[16]

[17]

[18]

[19]

[20]

Ji& K A A R T B T[], AEEMAS, 2020, 53(9):
100-106.

MA Chun-yu, LU Wei-xing, PAN Meng-ya, et al. Research
progress of UV curing coatings and its application on
steel sheet surface[J]. Materials protection, 2020, 53(9):
100-106.

TIAN Wei, LI Xue-xiang, WANG Jing-xia. Supramo-
lecular hyperbranched polymers[J]. Chemical commu-
nications, 2017, 53(17): 2531-2542.

WANG Yun-fei, WEI Hua, ZHENG Lu-ping, et al. One-
pot synthesis of dual-responsive hyperbranched polymeric
prodrugs using an all-in-one chain transfer monomer[J].
ACS macro letters, 2018, 7(10): 1203-1207.

sk—WL, AT, BN, AE SRR TSR R L
R A BE ST TIRER 2> T4, 2021(4): 387-
393.

ZHANG Yi-fan, BAI Guang-hang, LI Xiao-jie, et al.
Non-aqueous bioadhesive based on hyperbranched poly-
thioether[J].
387-393.
AMIN A, AHMED E H, SABAA M W, et al. Preparation
and evaluation of hyperbranched p-chloromethyl styrene

Journal of functional polymers, 2021(4):

polymers/montmorillonite clay nanocomposites as diele-
ctric materials[J]. Polymer bulletin, 2016, 73(1): 147-162.
PEREZ E M, ILLESCAS B M, HERRANZ M A, et al.
Supramolecular chemistry of m-extended analogues of
TTF and carbon nanostructures[J]. New j chem, 2009,
33(2): 228-234.

SONG X J, LUO Y J. Thermal properties of hyperbi-
anched polumer/HTPB-PU IPN[J]. Recent Highlights in
advanced materials, 2014, 76: 575-576

SUDO Y, KAWAI R, NABAE Y, et al. Self-condensing
vinyl polymerization of a switchable chain transfer mono-
mer for facile synthesis of star-shaped block copoly-
mers[J]. Applied surface science, 2019, 474: 187-193.
MUTHUKRISHNAN S, MORI H, MULLER A H E.
Synthesis and characterization of methacrylate-type hyp-
erbranched glycopolymers via self-condensing atom tran-
sfer radical copolymerization[J]. Macromolecules, 2005,
38(8): 3108-3119.

FRECHET J M, HENMI M, GITSOV I, et al. Self-conde-
nsing vinyl polymerization: An approach to dendritic
materials[J]. Science, 1995, 269(5227): 1080-1083.
ZHENG Lu-ping, WANG Yun-fei, ZHANG Xian-shuo,
et al. Fabrication of hyperbranched block-statistical copo-
lymer-based prodrug with dual sensitivities for controlled
release[J]. Bioconjugate chemistry, 2018, 29(1): 190-202.
LIN Ying, GAO Jian-wei, LIU He-wen, et al. Synthesis
and characterization of hyperbranched poly (ether amide)s
with thermoresponsive property and unexpected strong
blue photoluminescence[J]. Macromolecules, 2009, 42(9):
3237-3246.



508 B2

]

ERHAE . SR AW A B AR VRO P L TS R - 279 -

[21]

[25]

[26]

[27]

(28]

[29]

RAUSCHENBACH M, LAWRENSON S B, TARESCO
V, et al. Antimicrobial hyperbranched polymer-usnic acid
complexes through a combined ROP-RAFT strategy[J].
Macromolecular rapid communications, 2020, 41(18):
2000190.

FENG Jun, ZHUO Ren-xi, ZHANG Xian-zheng. Const-
ruction of functional aliphatic polycarbonates for biome-
dical applications[J]. Progress in polymer science, 2012,
37(2): 211-236.

TREEEE, T, MR, . MR SR O
WL A SR ], A s (amin D), 2021,
37(3): 584-592.

ZHANG Li-feng, ZHAN Ning-ning, CHEN Cui-ting, et
al. Synthesis of modified hyperbranched polyethylene-
imine and its application in demulsification[J]. Acta petr-
olei sinica (petroleum processing section), 2021, 37(3):
584-592.

XIANG Fei, LOONTJENS T, GELADE E, et al. Prepa-
ration of AB2 monomers and the corresponding hyperbr-
anched polyureas in a one-pot procedure[J]. Macro-
molecular 2012, 213(17):
1841-1850.

CHEN Su-fang, ZHANG Dao-hong, JIANG Shi-bao, et
al. Preparation of hyperbranched epoxy resin containing

chemistry and physics,

nitrogen heterocycle and its toughened and reinforced
composites[J]. Journal of applied polymer science, 2012,
123(6): 3261-3269.

CHANG Chi-jun, LIN Yan-hung, TSAI Hsinyu et al.
Synthesis and properties of UV-curable hyperbranched
polymers for ink-jet printing of color micropatterns on
glass[J]. Thins solid films, 2011, 519(15): 5243-5248.
ZHANG Guang-yu, WANG Dao, XIAO Yao, et al. Fabr-
ication of Ag Np-coated wetlace nonwoven fabric based
on amino-terminated hyperbranched polymer[J]. Nano-
technology reviews, 2019, 8(1): 100-106.

WU Yu-fei, LIU Jiang-ling, CHENG Fei, et al. Fabric-
ation of transparent UV-cured coatings with allyl-termi-
nated hyperbranched polycarbosilanes and thiol silicone
resins[J]. ACS omega, 2020, 5(25): 15311-15316.
A, B, TARERR, S, 0Pk h-BN/ZRZR N IR
P Ll £ S PERE[J/OL]. AL T HERE: 1-16. [2021-12-
20]. http://kns.cnki.net/kems/detail/50.1083.TG.20210624.
1404.031.html.

LI Bo-shen, WEI Ming, HU Yao-yao, et al. Preparation
and performance of modified h-BN/polyurethane acrylic
coatings[J/OL]. industry and engineering
progress: 1-16. [2021-12-20]. http://kns.cnki.net/kcms/
detail/50.1083.TG.20210624.1404.031.html.

MIN Ke, GAO Hai-feng. New method to access hyper-
branched polymers with uniform structure via one-pot

Chemical

polymerization of inimer in microemulsion[J]. Journal of
the American Chemical Society, 2012, 134(38): 15680-

[33]

[35]

[37]

[38]

[39]

[41]

[42]

[43]

15683.

AL-BARADI A M, RIMMER S, CARTER S R, et al.
Temperature-dependent structure and dynamics of highly-
branched poly(N-isopropylacrylamide) in aqueous solu-
tion[J]. Soft matter, 2018, 14(8): 1482-1491.

LIU Xiao-hui, BAO You-mei, TANG Xiu-lan, et al.
Synthesis of hyperbranched polymers via a facile self-
condensing vinyl polymerization system—Glycidyl meth-
acrylate/Cp,TiCl,/Zn[J]. Polymer, 2010, 51(13): 2857-
2863.

BACHLER P R, FORRY K E, SPARKS C A, et al. Mod-
ular segmented hyperbranched copolymers[J]. Polymer
chemistry, 2016, 7(25): 4155-4159.

ZHANG Mei-jing, LIU Huan-huan, SHAO Wei, et al.
Versatile synthesis of multiarm and miktoarm star poly-
mers with a branched core by combination of mensc-
hutkin reaction and controlled polymerization[J]. Macro-
molecules, 2012, 45(23): 9312-9325.

YATES C R, HAYES W. Synthesis and applications of
hyperbranched polymers[J]. European polymer journal,
2004, 40(7): 1257-1281.

SONG Gang, HE Wei-dong, LI Hui-juan, et al. Degra-
dable and cationic long-subchain hyperbranched block
copolymers with well-defined block subchain: Synthesis,
characterization and degradation[J]. European polymer
journal, 2020, 136: 109907.

ZHOU J, WANG W, VILLARROYA S, et al. Epoxy
functionalised poly(epsilon-caprolactone): Synthesis and
application[J]. Chemical communications (Cambridge,
England), 2008(44): 5806-8.

D’ARCY R, BURKE J, TIRELLI N. Branched poly-
esters: Preparative strategies and applications[J]. Advan-
ced drug delivery reviews, 2016, 107: 60-81.

SKARIA S, SMET M, FREY H. Enzyme-catalyzed syn-
thesis of hyperbranched aliphatic polyesters[J]. Macrom-
olecular rapid communications, 2002, 23(4): 292-296.
HANIK N, KILBINGER A F M. Branched polymers via
ROMP of termimers[J]. Macromolecular rapid communi-
cations, 2016, 37(6): 532-538.

PARZUCHOWSKI P G, JAROCH M, TRYZNOWSKI
M, et al. Synthesis of new glycerol-based hyperbranched
polycarbonates[J]. Macromolecules, 2008, 41(11): 3859-
3865.

SATOH T, KAKUCHI T. Synthesis of hyperbranched
carbohydrate polymers by ring-opening multibranching
polymerization of anhydro sugar[J]. Macromolecular
bioscience, 2007, 7(8): 999-1009.

AL P, CHEN Liang, HU De-hua, et al. Synthesis of hype-
rbranched copolymers by combining enzymatic ring-
opening polymerization and ATRP from a novel bifun-
ctional initiator[J]. Chinese science bulletin, 2006, 51(22):
2706-2709.



-+ 280 -

EN TR NN

2021 4E 12 A

[44]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

[54]

(53]

[56]

AL-SULAMI A, LADELTA V, HADJICHRISTIDIS N.
In-chain functionalized poly(e-caprolactone): A valuable
precursor towards the synthesis of 3-miktoarm star conta-
ining hyperbranched polyethylene[J]. Journal of polymer
science, 2020, 58(19): 2764-2773.

GAO C, YAN D. Hyperbranched polymers: From synth-
esis to applications[J]. Progress in polymer science, 2004,
29(3): 183-275.

SU Wei, LUO Xiao-hua, WANG Hua-fei, et al. Hyperb-
ranchd polycarbonate-based multimolecular micelle with
enhanced stability and loading efficiency[J]. Macrom-
olecular rapid communications, 2021, 32(4): 390-396.
CHANG Han-ting, FRECHET ] M J. Proton-transfer
polymerization: A new approach to hyperbranched poly-
mers[J]. Journal of the American Chemical Society, 1999,
121(10): 2313-2314.

SHARMIN E, ZAFAR F, AKRAM D, et al. Recent adv-
ances in vegetable oils based environment friendly coat-
ings: A review[J]. Industrial crops and products, 2015, 76:
215-229.

REVEN S, HOMAR M, PETERNEL L, et al. Preparation
and characterization of tablet formulation based on solid
dispersion of glimepiride and poly(ester amide) hyperb-
ranched polymer[J]. Pharmaceutical development and
technology, 2013, 18(2): 323-332.

MAURYA S D, KURMVANSHI S K, MOHANTY S, et
al. A review on acrylate-terminated urethane oligomers
and polymers: Synthesis and applications[J]. Polymer-
plastics technology and engineering, 2018, 57(7): 625-
656.

XIANG Hong-ping, WANG Xiao-wei, LIN Guang-hong,
et al. Preparation, characterization and application of UV-
curable flexible hyperbranched polyurethane acrylate[J].
Polymers, 2017, 9(11): 552.

XIANG Hong-ping, WANG Xiao-wei, XI Lu, et al. Effect
of soft chain length and generation number on properties
of flexible hyperbranched polyurethane acrylate and its
UV-cured film[J]. Progress in organic coatings, 2018,
114: 216-222.

DZUNUZOVIC E, TASIC S, BOZIC B, et al. UV-curable
hyperbranched urethane acrylate oligomers containing
soybean fatty acids[J]. Progress in organic coatings, 2005,
52(2): 136-143.

YUAN Yan, CHEN Miao, ZHOU Qiao-hua, et al. Synth-
esis and properties of UV-curable cardanol-based acrylate
oligomers with cyclotriphosphazene core[J]. Journal of
coatings technology and research, 2019, 16(1): 179-188.
WEI Dai-dong, LIAO Bing, HUANG Jian-heng, et al.
Fabrication of castor oil-based hyperbranched urethane
acrylate UV-curable coatings via thiol-ene click react-
ions[J]. Progress in organic coatings, 2019, 135: 114-122.
SCHMALJOHANN D, VOIT B I, JANSENJ F G A, et

[57]

[58]

[59]

[60]

[61]

[62]

[68]

al. New coating systems based on vinyl ether- and oxetane-
modified hyperbranched polyesters[J]. Macromolecular
materials and engineering, 2000, 275(1): 31-41.
JOHANSSON M, GLAUSER T, JANSSON A, et al.
Design of coating resins by changing the macromolecular
architecture: Solid and liquid coating systems[J]. Progress
in organic coatings, 2003, 48(2-4): 194-200.

EH, fLE, RIEZ, 55 BRSO RBRIY &
R[] o TR ERRE S TR, 2013, 29(3): 14-17,
21.

WANG Yong, KONG Xia, ZHU Yan-an, et al. Synthesis
and modification of hyperbranched polyester used as
coatings[J]. Polymer materials science & engineering,
2013,29(3): 14-17, 21.

MURILLO E A, LOPEZ B L, BROSTOW W. Synthesis
and characterization of novel alkyd-silicone hyperbra-
nched nanoresins with high solid contents[J]. Progress in
organic coatings, 2011, 72(3): 292-298.

MURILLO E A, VALLEJO P P, LOPEZ B L. Synthesis
and characterization of hyperbranched alkyd resins based
on tall oil fatty acids[J]. Progress in organic coatings,
2010, 69(3): 235-240.

BAth, 227, B, 55 WSURmEBES R RN
R T O 1 A 2Rk B 1 2 e PEBE WIS (D). R TTHAR,
2021, 50(7): 337-344.

QIAN Jia-yi, LI Ping, WEI Wei, et al. Synthesis and
properties of hyperbranched polythioether modified epoxy
acrylate UV curable coatings[J]. Surface technology,
2021, 50(7): 337-344.

HADAVAND B S, NAJAFI F, SAEB M R, et al. Hyp-
erbranched polyesters urethane acrylate resin[J]. High
performance polymers, 2017, 29(6): 651-662.

NAIK R B, RATNA D, SINGH S K. Synthesis and chara-
cterization of novel hyperbranched alkyd and isocyanate
trimer based high solid polyurethane coatings[J]. Progress
in organic coatings, 2014, 77(2): 369-379.

JOVICIC M, RADICEVIC R, PAVLICEVIC J, et al.
Synthesis and characterization of ricinoleic acid based
hyperbranched alkyds for coating application[J]. Progress
in organic coatings, 2020, 148: 105832.

LI Guo-liang, ZENG D L, WANG Liang, et al. Hairy hybrid
nanoparticles of magnetic core, fluorescent silica shell, and
functional polymer brushes[J]. Macromolecules, 2009,
42(21): 8561-8565.

MAHESHKUMAR K V, KRISHNAMURTHY K, SAT-
HISHKUMAR P, et al. Research updates on graphene
oxide-based polymeric nanocomposites[J]. Polymer com-
posites, 2014, 35(12): 2297-2310.

INTERRANTE L V, MORAES K, LIU Q, et al. Silicon-
based ceramics from polymer precursors[J].
applied chemistry, 2002, 74(11): 2111-2117.
GHOSH T, KARAK N. Mechanically robust hydrophobic

Pure and



508 B2

ERHAE . SR AW A B AR VRO P L TS R - 281 -

[69]

[70]

[71]

[74]

interpenetrating polymer network-based nanocomposite
of hyperbranched polyurethane and polystyrene as an
effective anticorrosive coating[J]. New journal of chem-
istry, 2020, 44(15): 5980-5994.

GHOSH T, VOIT B, KARAK N. Polystyrene/thermo-
plastic polyurethane interpenetrating network-based nano-
composite with high-speed, thermo-responsive shape
memory behavior[J]. Polymer, 2020, 200: 122575.

LI Peng-ling, REN Hui, QIU Feng-xian, et al. Preparation
and properties of graphene oxide-modified waterborne
polyurethane-acrylate hybrids[J]. Polymer-plastics techn-
ology and engineering, 2014, 53(13): 1408-1416.

MA Yan-jun, YE Yin-ping, WAN Hong-qi, et al. Chem-
ical modification of graphene oxide to reinforce the corro-
sion protection performance of UV-curable polyurethane
acrylate coating[J]. Progress in organic coatings, 2020,
141: 105547.

DAIY T, QIU F X, XU J C, et al. Preparation and proper-
ties of UV-curable waterborne graphene oxide/polyuret-
hane-acrylate composites[J]. Plastics, rubber and compo-
sites, 2014, 43(2): 54-62.

BRI, UV [E L SRS P& i b S Ak 2
WA SEEREISID]. TN AERHE TR, 2012,
LIAO Feng. Synthesis of UV curable hyperbranched
polymers, and preparation and properties of their silica
hybrid coatings[D]. Guangzhou: South China University
of Technology, 2012.

GHAZI MORADI L, GANJAEE SARI M, RAMEZAN-
ZADEH B. Polyester-amide hyperbranched polymer as an
interfacial modifier for graphene oxide nanosheets: Mec-
hanistic approach in an epoxy nanocomposite coating[J].
Progress in organic coatings, 2020, 142: 105573.

MA Ming-liang, YANG Yu-ying, LIAO Di-li, et al.
Synthesis, characterization and catalytic performance of
core-shell structure magnetic Fe;O0,/P(GMA-EGDMA)-

[76]

[77]

[78]

[79]

[80]

[81]

NH2/HPG-COOH-Pd catalyst[J]. Applied organometallic
chemistry, 2019, 33(2): e4708.
ZHAN Feng, XIONG Lei, LIU Fang, et al. Grafting
hyperbranched polymers onto TiO, nanoparticles via
thiol-yne click chemistry and its effect on the mechanical,
thermal and surface properties of polyurethane coating[J].
Materials, 2019, 12(17): 2817.
HAN Wen-song. Synthesis and characterization of hyper-
branched waterborne polyurethane/Ag nanoparticle comp-
osites[J]. Polymer composites, 2018, 39(6): 1967-1977.
RAERE, WG, EHAO, % FECRBE SR B
PRI i 1 G I B HOK MR R RE RO WFFE (0], T30
Tk, 2011, 41(10): 15-20.
SONG Bei-bei, BAO Chun-lei, WANG Lian-shi, et al.
Preparation of dendritic hyperbranched polyester modi-
fied acrylic resin and study on properties of its waterborne
coating films[J]. Paint & coatings industry, 2011, 41(10):
15-20.
WelT, WRar, sk, . S/ mi s S R A
FE A IRIZM B SO B s K PEREL]. E A4
RL2AR, 2021, 38(12): 4034-4042.
YANG Xiao-xin, CHEN Qi, ZHANG Hong-liang, et al.
Prussian blue/fluorinated hyperbranched polyurethane
composite coating material and its photothermal conver-
sion superhydrophobic properties[J]. Acta materiae comp-
ositae sinica, 2021, 38(12): 4034-4042.
PATIL A M, JIRIMALI H D, GITE V V, et al. Synthesis
and performance of bio-based hyperbranched polyol in
polyurethane coatings[J]. Progress in organic coatings,
2020, 149: 105895.
XU Wei, ZHAO Wei-jia, HAO Li-fen, et al. Synthesis of
novel cationic fluoroalkyl-terminated hyperbranched pol-
yurethane latex and morphology, physical properties of its
latex film[J]. Progress in organic coatings, 2018, 121:
209-217.



